Objective: To discuss unifying principles that can provide a theory for the diverse aspects of work in medical informatics. If medical informatics is to have academic credibility, it must articulate a clear theory that is distinct from that of computer science or of other related areas of study.
How do we define our field?
There is wide recognition that the management of medical information is central to the future of both health care and the world's health. Medical professional societies everywhere point to medical informatics as an essential element of medical practice. The word informatics increasingly is used as an adjective to sell the latest health-care technology. Vendors of clinical information systems hope to impress customers by claiming that their products are based on "informatics techniques" and "informatics methods." The recent report of the Institute of Medicine on the problem of medical errors specifically identified information technology as a large element of the needed solution [1] . For the first time in its history, the American Society for Clinical Investigation-the major honor society for academic physician-scientists in the United States-now recognizes medical informatics as a specific area of investigation. With the concept of informatics finally entering the mainstream, one would think that these would be heady days for our research community. My problem, however, is that I am still sure not what "medical informatics" is.
The term medical informatics has become a universally applied term that, sadly, remains difficult to define. The latest edition of Shortliffe's textbook defines the discipline as, "a field of study concerned with the broad issues in the management and use of biomedical information, including medical computing and the study of the nature of medical information" [2] . Jan van Bemmel and I defined informatics as "the science that studies the use and processing of data, information, and knowledge," and medical informatics as "informatics applied to medicine, health care, and public health" [3] . Shortliffe's definition, by couching medical informatics in terms of unspecified "broad issues," leaves the dimensions of the discipline intentionally vague. This lack of specificity has the advantage of defining the field to be maximally inclusive. Van Bemmel and I, in using the word science to describe informatics, implicitly make strong claims about the existence of an underlying theory and of an empirical methodology that can explore potentially defeasible hypotheses. As an academic, I very much want to believe that medical informatics is a science, or at least that it has scientific elements. It remains a challenge for our community, however, both to articulate the underlying theory of informatics and to embrace an empirical approach to validating hypotheses. 3 When most people talk about medical informatics, they speak not of theories or of methodologies, but simply of computer applications in medicine. Terms such as clinical computing permeate our culture. Descriptions that emphasize the computational aspects of our work are indeed much more understandable to most people than is the word informatics-which even my spell-checker insists is not a real word. The problem for our field-and the problem for more entrenched disciplines such as computer science-is that the emphasis on the role of the computer in defining our discipline is that we highlight the technology that facilitates our work, rather than putting the focus squarely on the work itself. We don't call probability theory "dice science"; we don't call the study of literature "pencil science." We easily seem to be able to call medical informatics medical computer science, however.
Medical Informatics and Computer Science
Our colleagues in traditional departments of computer science remain confused about the relationship between work in our community and that in their own. My own fellow faculty My colleagues also wonder why the rather close relationship shared by medical informatics and computer science at Stanford does not seem to be replicated at many other universities.
Traditionally, workers in medical informatics have been somewhat estranged from their colleagues in computer science. They have worked in different faculties, often quite separated geographically. The two disciplines also have been quite separated intellectually, despite the fact that both are dependent, ultimately, on computational principles. The result is that the medicalinformatics community as a whole has been extremely slow to build on the advances that have been achieved in computer science. In the 1970s, for example, the computer-science community was discovering structured programming and abstract data types; at the same time, the medicalinformatics community, struggling to build time-shared applications that would execute within a minuscule memory space, was still discovering MUMPS. In the 1980s, when the computerscience community was turning to relational database technology and distributed architectures, our community still was promoting hierarchical databases and mainframe systems. In the 1990s, when the computer science community had come to grips with the significant limitations of rule-4 based architectures for building knowledge-based systems [4] , the medical-informatics community was advocating the use of medical logic modules as the standard means for computer-based decision support. It is not that MUMPS and mainframe systems and medical logic modules did not make important contributions. Rather, the point is that, when the traditional computer-science community has made significant intellectual advances, the medicalinformatics community often has trailed in its incorporation of these results. Our colleagues outside our community thus have not tended to view our work as advancing the science-or at least as advancing their science. The problem, of course, is that we in medical informatics have not done a very good job of articulating what our own science is.
It is significant, however, that there is substantial overlap in the goals of workers in medical informatics and those of researchers in the subset of the computer-science community concerned with the development of knowledge-based systems. My goal in this paper is to show how principles for building knowledge-based systems that began to be articulated by a large community of researchers in the 1990s are particularly germane to developing a theory for medical informatics. We are a long way from defining an overarching theory for our field, but these advances from the world of knowledge-based systems can offer our own research community a more solid theoretical footing-for purposes of communicating ideas both among ourselves and among our computer-science colleagues.
Although there are notable exceptions, workers in medical informatics tend not to present their work in a manner that would allow their computer-science colleagues to identify the generalizable results. It is often difficult for us to present our work detached of the contributions that we make specifically to biomedicine. Work in medical informatics, however, does lead to significant theoretical results-particularly when members of the medical-informatics community can elucidate the general principles and can stimulate their colleagues to build on them. A key question for our field, however, is whether medical informatics should be viewed discipline should be to communicate more effectively with the academic computer-science community, not to merge with it. I believe it would be wrong to construe current work in medical informatics simply as computer science with a biomedical bent. It also would be wrong to construe medical informatics as a form of software engineering that concentrates on the development of clinical computer systems.
The Role of Building Artifacts
Many laboratories for medical informatics were created during the past four decades in response to pressing needs to assist clinical information management. Early information systems for health-care organizations frequently addressed administrative and financial concerns. Rarely did such systems provide assistance in the management of clinical data. As a result, academicians stepped in to fill a niche that industry at the time was refusing to address. The need to build information systems that could acquire, store, and communicate clinical data sparked the emergence of many of the great academic groups in medical informatics. Satisfying institutional requirements for clinical data management also provided the substrate for much of the seminal research in medical informatics.
Many academic groups still justify much of their existence on the basis of the support that they provide to their institutions in the area of clinical computing. Most of those groups argue that their service role leads them to generate more practical and more meaningful results than would be possible if the groups were to perform their research and development in vitro. There is no doubt that information systems such as HELP [5] , COSTAR [6] , and many others have provided tremendous substrates for research at the institutions that have developed them.
I have argued elsewhere that, despite the obvious advantages of having direct access to the information infrastructure of a health-care organization, a set of service commitments no longer necessarily enhances a laboratory's work in medical informatics [7] . Fundamentally, I believe that modern software systems have become much too large and much too complex to be designed, implemented, tested, and maintained by small groups of academicians who are supported on academic budgets. It simply is inconceivable to me that an academic unit without the discipline, procedures, and personnel resources of a commercial software-engineering 6 organization could create and deploy a large-scale information system on the scale of HELP using today's programming conventions. It therefore seems dangerous to define medical informatics-at least in the academic sense-specifically in terms of the software artifacts that we can build for the clinical enterprise. The changing landscape of academic medical centers, at least in the United States, makes some of the "broad issues" of medical informatics to which Shortliffe [2] alludes no longer within the purview of most academic groups. As development and deployment of clinical information systems becomes squarely the province of industry, much of what used to be considered part of academic medical informatics suddenly has been taken away from university faculty. I will suggest, however, that our research contributions actually will be strengthened as we focus on the part of medical informatics that still remains solidly within the academic realm.
The Beginnings of a Science
Investigators in any area of science require theories that can frame the interpretation of observations and that can provide the basis for making advances in understanding. If medical informatics is to have credibility as an academic discipline, it is essential to identify its scientific foundations. We must articulate the basic theories, and explain how our individual contributions extend those theories. It is my belief that workers in medical informatics have difficulty explaining their academic enterprise to other faculty colleagues-and to one another-primarily because our community has not done a good job of articulating a set of fundamental assumptions. We are excellent at describing the surface behavior of our artifacts and quite good at measuring their success. We have a long way to go, however, in being able to explain why our artifacts are successful in terms of some underlying theory or set of basic principles.
We certainly can turn to principles of computer science to justify much of our systems' behavior.
Theories of software engineering, of human-computer interaction, and of computational complexity certainly are essential to understanding and evaluating computer systems built for the clinical arena. When we define the theory of medical informatics only in terms of the theory of computer science, however, medical informatics loses any claim to being a scientific discipline in its own right. If we believe that the study of medical informatics itself contributes to a basic 8 understanding of some aspect of the world that is intrinsically valuable, then it is imperative for us to articulate the theoretical underpinnings of medical informatics that are distinct from those of computer science-and from those of other fields, such as information theory, biostatistics, and health-services research.
Unfortunately, our discipline has had few philosophers with a penchant for suggesting underlying theories. Blois [9] made a landmark attempt at defining a theory of medical informatics in his monograph on the nature of medical information. Blois made the claim that medicine, as an area of human endeavor, is epistemologically unique. He argued that this uniqueness arises because clinical knowledge is dependent on understanding other knowledge that can be defined only at lower levels of abstraction (e.g., that of organismal biology), which in turn can be understood only in terms of knowledge that needs to be defined at still lower levels of abstraction (e.g., that of biochemistry), and so on. Blois suggested that a vast hierarchy of informational levels creates a kind of complexity that is unknown outside of medicine. He justified medical informatics as an academic discipline on the basis of the singular need to model these different hierarchical levels when building information systems for use in clinical care.
Blois' hierarchy of information levels has compelling face validity. As a theory, however, it does little to explain our successes and failures in medical informatics. It is hard to think of a specific example of where a clinical information system may have failed expressly because it neglected to consider knowledge that exists at different hierarchical levels, or could not use knowledge at one level to reason about knowledge at another level. There are many compelling examples where systems have taken good advantage of reasoning at multiple levels of abstraction [10] , but demonstration of this principle does mean that the hierarchical levels of knowledge described by Blois contribute to a fundamental theory of medical informatics.
Blois clearly was on to something, however. The principal contribution in Blois' work was the identification of epistemology as the core element of what makes medical informatics a cogent area for academic study. It was not the building of artifacts or the deployment of information technology in clinical settings per se that made medical informatics fitting for scientific inquiry.
According to Blois, it was the elucidation of the underlying medical kno wledge required to build 9 such systems in the first place that demanded a theoretical foundation-a foundation that clearly remains the subject of active scholarly investigation.
Most work to develop epistemological models is no longer done by philosophers, but by workers in artificial intelligence who wish to build knowledge-based systems. The very essence of creating a knowledge-based system requires the construction of a model of human problem solving and the representation of human knowledge in a computational form [11] . It is ironic that Blois himself had such doubts about the viability of much research in artificial intelligence [12] . Much of that doubt was in fact quite justified, given the overstated claims that were commonly made by many developers of expert systems at the time. In the years since Blois' death, however, there has been a revolution of thought among workers in the knowledge-based systems community regarding the modeling and representation of human knowledge. Many practitioners in traditional areas of computer science are not even aware that this transformation has taken place. For workers in medical informatics, it is particularly important to understand the foundational primitives for modeling human knowledge that now are commonly used to design and implement a wide range of intelligent computer systems.
Ontologies and Problem Solving Methods
It is no coincidence that, from the beginnings of both disciplines, researchers in the area of artificial intelligence have contributed much to medical informatics. The earliest knowledgebased systems, such as INTERNIST-1 and MYCIN, stimulated workers such as Blois to think critically about medical epistemology and contributed substantially to our understanding of medical knowledge representation and automated reasoning [13] . Meanwhile, as the limitations of systems such as INTERNIST-1 and MYCIN became better understood, computer scientists were inspired to develop and evaluate new ways of representing and processing knowledge within computer systems. In the past decade, the emergence of second-generation knowledgebased systems has provided more explicit and more maintainable frameworks for encoding and applying clinical knowledge [4, 14] .
Most workers in the artificial intelligence community now view intelligent computer systems as comprising the following four essential conceptual components: (1) a domain ontology, which defines the primary concepts in the application area, and the relationships among those concepts [15] ; (2) a knowledge base of detailed content knowledge, which consists of a set of propositions about the world cast in terms of the domain ontology; (3) a problem-solving method, which encodes an abstract, possibly domain-independent algorithm that can automate the task for which the intelligent system has been built [16] ; and (4) a set of mappings, which defines how the concepts represented in the domain ontology and corresponding knowledge base satisfy the input-output requirements of the particular problem-solving method [17] . Although many knowledge-based systems still are implemented using traditional rule-based "shells," design methodologies such as CommonKADS [11] encourage developers to view the knowledge that such system models in terms of these four kinds of conceptual building blocks. In Europe, CommonKADS has become the de facto standard for constructing intelligent systems in industry. Many software-engineering tools for building intelligent systems, such as Protégé-2000 [18] , enforce the same perspective.
My own research during the past decade has followed that of the knowledge-based systems community, emphasizing how medical knowledge-based systems can be developed using these different components. For example, to build knowledge bases for the EON system for automation of guideline-based care [19] , we begin with a domain ontology that characterizes the kinds of concepts that are found in typical clinical guidelines [20] . Developers instantiate that ontology to define the knowledge of particular clinical guidelines (e.g., a protocol for management of patients who have hypertension). EON includes discrete problem-solving methods that automate tasks such as (1) determining the correct therapy for a patient who is in a particular clinical situation and who is being treated according to a particular guideline or (2) reasoning about whether a particular patient might be eligible for treatment according to a given guideline. Like subroutines in a programming language, the problem-solving methods in EON have formal parameters that define the kinds of data on which the problem-solving methods operate. Each such parameter is mapped to a corresponding element of the domain ontology (e.g., the "plan" on which EON's therapy-determination problem-solving method operates maps to the concept of "guideline" in the domain ontology).
Ontologies and problem-solving methods potentially are highly reusable components [14] . They can be viewed as building blocks from which a variety of intelligent systems can be constructed by combining (and, when necessary, augmenting) appropriate components. In a sense, the particular ontology and problem-solving method that are used to automate a given task together define a theory for the knowledge required to solve that task. That theory is one that enumerates the domain concepts required for problem solving (the ontology) and the algorithm that must be applied to those domain concepts to achieve a solution (the problem-solving method).
The notion of viewing software as data structures and the algorithms that operate on those data structures is nothing new. The distinction between descriptions of data and specifications of procedures has been around since the early days of computer science [21] . What is new here is the view of the data descriptions-the ontology-as having central significance and an existence independent of particular algorithms. Ontologies thus become like database schemas in that they are separable and distinct from the set of algorithms that may operate on them. Unlike traditional database schemas, however, ontologies may express extremely complex relationships among the represented concepts-emphasizing a desire to capture a rich, reusable model of the domain, rather than to provide an efficient framework for storing data instances.
It is not an overstatement to claim that the theory for constructing any clinical informationprocessing system can be understood in terms of an ontology of the information being processed and the problem-solving methods that provide the procedures by which information processing takes place. In second-generation knowledge-based systems, the ontologies and the problemsolving methods are encoded as discrete pieces of software. When building conventional software systems, the ontolo gies and problem-solving methods often exist only as conceptual entities at design time, rather than as working pieces of code (although there is typically a direct relationship between a conceptual ontology and the hierarchy of classes used to build programs in object-oriented languages such as C++ or Java). If we can shift our focus so that we view the end product of our enterprise not as the construction of software, but instead as the development of ontologies and problem-solving methods, I believe tha t we will be closer to describing a foundation for the science of informatics. We will not have defined a complete theory by any means, but we will be able to suggest what the content of such a theory might need to address. 12 When Blois claimed that the essence of medical informatics lay in understanding the hierarchical nature of clinical knowledge, he was stating that elucidating the ontology of medicine was at the heart of the informatics enterprise. Although one can quibble as to whether the essential problem is in distinguishing the various layers of knowledge described in Blois' book, it is clear that a major contribution of medical informatics rests in the elucidation of the ontology needed to automate clinical tasks, as well as in the characterization of appropriate problem-solving methods that can drive the computation. If we can construe our academic discipline in terms of defining, using, and evaluating ontologies and problem-solving methods, we can move closer to articulating a theory that can allow us to present our work in terms of basic principles. Suddenly, the construction of a clinical information system is more than building a software artifact-it becomes the identification and validation of an appropriate ontology and problem-solving method for the task at hand. The notion of construing the development of a clinical information system in these terms entails more than simply applying new buzz words to a familiar softwareengineering problem; by elucidating the ontology and the problem solving method, we can create a formal model of the clinical knowledge required to automate a given task, and have the potential to apply elements of that model systematically to the construction of future clinical systems.
There is a risk, however, in concentrating on these fundamental building blocks of informatics:
Considerable, important work builds directly on the core elements of our discipline but itself has little to do with conceptual modeling using ontologies or problem-solving methods. Indeed, a strength of medical informatics is that it so readily can incorporate a wealth of perspectives within its interdisciplinary context. As we attempt to justify informatics as an academic enterprise in terms of its fundamental elements, it is important not to forget that basic research in our field contributes to a wide range of tools and practical applications that are worthy of study in their own right. In emphasizing basic principles, we should not diminish in any way the value of studying deployed systems. Rather, the goal simply is to clarify the elements of informatics that contribute to the basic science of our discipline and that may distinguish informatics from related areas of study.
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Toward a Scientific Basis for Medical Informatics
Casting work in medical informatics in terms of reusable ontologies and problem-solving methods gives us a helpful vocabulary for talking about the science of our discipline. Suddenly, research to create controlled clinical terminologies can be seen as work to construct new ontologies of medical descriptions that meet specific requirements [22] . Research on electronic patient record systems generally can be understood in terms of the ontologies needed to capture clinical information and to communicate that information effectively [23] . Development of improved algorithms for information retrieval, for image processing, or for signal analysis can be viewed as research to devise new problem-solving methods with enhanced performance characteristics. It may be simplistic to couch such diverse work in medical informatics in terms of these rather basic conceptual building blocks. The emphasis on underlying ontologies and problem-solving methods, however, provides a way of unifying the "broad issues" addressed by our discipline within a coherent framework.
It is clear that there are many elements of work in medical informatics that are not well captured by ontologies or problem-solving methods. Work to embed information systems within organizational structures and workflows, for example, seems outside of the computational elements that ontologies and problem-solving methods represent. There is no doubt that such efforts are essential to the successful deployment of clinical systems. At the same time, it is not clear what distinguishes workflow integration within clinical settings from similar activities that might be done in countless other industrial environments. The underlying theory of workflow integration is the same, whether one is deploying an information system in a hospital or a process-control system in a manufacturing plant. What is different in each case, of course, is the model of the relevant organization. Construction of that organizational model can be viewed as a problem in ontology development, and thus fits well within our framework.
One way to validate this emphasis on conceptual building blocks as fundamental to medical informatics is to identify the manner in which seminal work in our field contributes to our understanding of ontologies or problem-solving methods. There certainly is no consensus concerning what are the most significant accomplishments in medical informatics. There was considerable discussion of this topic, however, during September 2000 on the e-mail distribution 14 list of the Americ an College of Medical Informatics. Sittig [24] summarized the discussion, listing ten major achievements. Although there has been no attempt to ratify Sittig's synthesis, his list of "top ten accomplishments in biomedical informatics" is a convenient starting-off point for our own discussion. Let us consider each item on the list in turn.
1.
The entire MEDLARS and, more recently, MEDLINE database: The primary scientific contribution of MEDLARS is one of ontology. U.S. governmental agencies such as the Social Security Administration had begun to create and manage enormous databases before the advent of MEDLARS and MEDLINE. Work on information retrieval had been ongoing for several decades before the National Library of Medicine provided online access to the biomedical literature. What had not been done before, however, was the construction of a rich, detailed ontology (the Medical Subject Headings; MeSH) for indexing the biomedical literature; of procedures for updating and maintaining the ontology (and the associated indexes) over time; and of problem-solving methods that could use the MeSH ontology to aid information retrieval.
2.
The Unified Medical Language System: Construction of the UMLS and of each its incorporated controlled terminologies is a problem in ontology.
3.
The clinical decision support systems that work within large hospital information systems: Building a decision support system is a problem in creating an appropriate domain ontology and of linking that ontology to an appropriate problem-solving method [14] . There has been considerable, important work to evaluate the effects of such decision-support systems on the behavior of health-care workers and on patient outcomes-but the theory that underlies such investigation seems to come more from the area of health-services research than it does from informatics.
4.
MUMPS:
As a programming language, MUMPS facilitated much seminal work in informatics. Construction of a programming language, however, fits more within the purview of computer science than it does informatics. 
Informatics as an Academic Discipline
At Stanford, we now teach the course that introduces first-year graduate students to the principles of biomedical informatics in terms of the development and application of domain ontologies and problem-solving methods [27] . The course begins with a discussion of controlled terminologies, introduces basic principles of knowledge representation, and then segues into several lectures on ontology development and use-both for development of clinical applications and for work in bioinformatics. We then introduce the notion of abstract problem-solving methods. We discuss computational approaches to topics such as clinical diagnosis, therapy planning, sequence searching and alignment, and molecular structure determination in terms of problem-solving methods that can operate on ontologies. We find that this approach allows us to unify many otherwise diverse ideas in medical informatics. More important, our curriculum 17 makes it clear that there is considerable methodological overlap between clinical informatics and bioinformatics. In bioinformatics, the particular ontologies and problem-solving methods may be different from those in clinical informatics, but the fundamental problems of designing and using ontologies, and of selecting and refining problem-solving methods, clearly are the same.
In recent years, computational biology and bioinformatics have captured the imagination of the scientific community and of funding agencies. Many workers in clinical informatics have expressed concern that the application of informatics to problems related to genomics and biological-structure determination will soon eclipse long-established research paradigms to develop information technology for health-care settings and for medical education. It is my conviction that the boundary between biology and medicine will become more and more blurred as genetic information becomes increasingly relevant in the treatment of patients, and as the biological functions of more and more genes become known. Regardless, basic research on ontologies and problem-solving methods is required to advance both clinical informatics and bioinformatics. As we become better able to articulate a theory of informatics (undifferentiated with respect to application area), we should see profound cross-fertilization between our work in the clinical and basic-science arenas.
When we emphasize the role of domain-specific ontologies and generic problem-solving methods in building clinical systems, we highlight a way of viewing information technology that seems surprisingly untethered to health care. We begin to beg the question of what makes medical informatics different from informatics in general. Indeed, some European universities have departments of business informatics and social-science informatics, and one can imagine the study of information technology applied to a host of professional enterprises. My perspective is that informatics (without a modifier) is a basic science that concerns the computational modeling and application of human knowledge. Informatics involves the construction of ontologies that define the concepts relevant to different aspects of human experience and the elucidation of problem-solving methods that can solve specific computational tasks. When the relevant ontologies are related to health and health care, we call the discipline medical informatics; when they are related to basic biology, we call the discipline bioinformatics; and so on. Because all subdisciplines within informatics rely on the same kinds of fundamental 18 building blocks, basic advances in one branch of informatics will enhance all the others. At the same time, the historically fierce debates concerning whether our field should be called medical informatics or health informatics seem less important when our focus is on the unifying methodology. Basic research in clinical informatics, nursing informatics, and bioinformatics is pretty much the same thing.
There are important distinctions to be made, however. Each subdiscipline of informatics is unique because it needs to model its own set of professional activities and to define its own set of ontologies. Blois was correct: Medicine is complex and the ontology of medical knowledge is multilayered and multifaceted. Medical informa tics deserves recognition as a specific discipline (distinct from other forms of informatics) because of the unusual intricacy of the ontologies that drive our systems. The practitioners of our craft need to understand not only the basic principles of informatics in general, but also the details of clinical practice that can make modeling the knowledge of health care such a thorny problem.
If there is a slogan that characterizes why informatics is different from computer science, it is "ours is the discipline that cares about the content." Although software engineers of all kinds certainly need to incorporate relevant domain knowledge into their program code, the conceptual modeling and computational representation of domain knowledge and data is the centerpiece of our discipline. Computer scientists always can work in tandem with application specialists to build useful software. Workers in informatics, however, play a role that is more than that of software engineer and more than that of domain informant: Informaticians are domain modelers who are primarily driven by a desire to get the content knowledge "right."
Computer scientists, particularly those who work in the area of knowledge-based systems, surely understand the importance of carefully modeling and applying content knowledge; they simply do not work at these tasks as a fulltime job. Although many academic computer scientists study questions such as the representation and management of large-scale ontologies, the use of ontologies by particular problem solvers, and the computational performance of alternative algorithms for solving specific problems, such research questions are core to the science of informatics. Research in informatics certainly includes the study of more applied questions, such 19 as those of system development, deployment, and evaluation [28] . Indeed, it often is only via systems-level evaluations that we can test the success of our basic models. If we are to claim that informatics is an academic discipline somehow distinct from computer science and information science, however, I believe that we need to highlight the conceptual modeling of content knowledge as the basic, fundamentally special element of our research agenda.
There is no doubt that the construction of the rich domain ontologies required for robust clinical systems is difficult and that many of the problem-solving methods required for many biomedical application systems represent significant computational challenges. It is precisely because the modeling work in biomedical informatics is so hard and requires so much innovation that our research has such high potential to be transferable to other areas outside of biomedicine that also require rich conceptual models. For our work to be generalizable, however, we must learn to couch our contributions in terms of primitives that transcend our particular application domain.
The notions of domain-specific ontologies and of problem-solving methods are excellent initial candidates both to frame our research hypotheses and to communicate our results to other investigators.
